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REACTION BETWEEN 1-ARENESULPHON!fL-3-NITRO-1,2,4-TRIAZOLES AND NUCLEOSIDE BASE RESIDUES. 

ELUCIDATION OF THE NATURE OF SIDE-REACTIONS DURING OLIGONUCLEOTIDE SYNTHESIS 
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I sulmnary The protected quanoslne and urldlne derivatives (3a. 3b and 4) react with 1-(mesl- 
tylene-2-sulphonyl)-3-nltro-1,2,4-trlazole (MSNT, 2a) to give 5a, 5b and 7, respectively, 9 
1s converted into 10 In the same way. The reactions proceed more rapidly In the presence of 
dlphenyl phosphate. 

The key step in the phosphotrlester approach' to oligonucleotlde synthesis consists of 

the actlvatlon of a phosphodlester group and the subsequent phosphorylatlon of a hydroxy 

function to form a new lnternucleotlde linkage. The most suitable condensing agents with 

regard to short reaction times and high yields of products appear to be arenesulphonyl 

derivatives of tetraxole (putative structures, I), introduced by Narang and his coworkers2 

and arenesulphonyl derivatives of 3-nitro-1,2,4-trlazole (putative StrUCtUreS, 2) later 

introduced by us3. 

2 a, R = Me 

b, R = Me2CH 

Recently, in studres dlrected towards the synthesis of yeast alanlne transfer rlbonuclelc 

acids (tRNA), we observed4 side-reactlons leadlng to mixtures of products and dlmlnlshed 

yields when a large excess of l-(mes~tyZene-I-sulphonyl)-3-nltro-1,2,4-tr~azole (MSNT, ,?a) was 

used as the condensing agent and when phosphorylation reactions were allowed to proceed for a 

relatively long tune. With the lntentlon of elucidating the nature of the side-reactions, we 

have examrned the reactlons between MSNT (2U) and appropriate nucleoslde derivatives. We 

have also examined the effect of an added phosphodiester component on the course of the side- 

reactions 

We first investigated the actlon of MSNT (a) on B-acyl-2', 3',5'-tri-O-acyl derivatives 

of adenosine, cytidlne and quanoslne and on Z', 3',5'-trl-O-acetylurldlne (4) While there 

was no detectable reactlon between MSNT (2U, 5 molecular equivalents) and 2-fl-benzoyl- 

2',3',5'-trr-O-acetyladenosine or 2-N-(p-anlsoyl)-2', 3'.5'-tr1-0-(p-anlsoyl)cyt1dlne In 
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pyrrdrne solutron after 24 hr even in the presence of dlphenyl phosphate (0.5 molecular 

equrvalents, see below), MSNT (Za) was found to react readrly wrth 2-N-benzoyl-2',3',5'-trr- 

O-acetylguanosine (3~) and 2', 3',5'-trl-&acetylurldlne (4), especrally rn the presence of 

drphenyl phosphate. 
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The time for half-completron (tk) of the reactron between 2-A'-benzoyl-2',3',5'-trr-O- 

acetylguanosrne (3a, 0.1 nnnol) and MSNT (20, 0 51 mmol) 1.n pyrrdrne (0.5 ml) solutron at room 

temperature was found to be CU. 48 hr but the reactron proceeded more rapidly (t+ s 25 and 

9 hr) when diphenyl phosphate (0 01 and 0 05 mmol, respectively) was added to the reactron 

mrxture. Followrng a preparative scale reactron, a crystalllne compound, m-p. 193OC, was 

Isolated from the products rn 71.5% yield and identified as 5a on the basrs of analytrcal and 

spectroscopic evidence5 Confrrmatron of thus structural assignment was provided by an 

independent syntheses of the corresponding tetrabensoyl derivatrve (5b) which was Isolated as 

a crystallrne solld, m p 138"C, in 82% yreld from the products of the reactron between the 

6-O-mesyl derivatlve6 (6) and 3-nrtro-1,2,4-trrazole rn pyrrdrne-droxan solutron at room 

temperature. The rdentrcal tetrabenzoyl derlvatrve (5b) was obtalned in 69% yreld by treat- 

=wl 2-N-bensoyl-2', 3',5'-trr-U-benzoylguanoslne (3b) wrth an excess of MSNT (Za) rn the 

presence of diphenyl phosphate. 

The time for half-completron of the reactron between 2' ,3',5'-trr-O-acetylurldlne 

(4, 0.11 nanol) and MSNT (kz, 0.51 nunol) in pyridine (0.5 ml) at room temperature to grve 7 

was found to be 25 hr and agarn the reaction proceeded more raprdly (t+ s 7 and 3 hr) when 

drphenyl phosphate (0 01 and 0.05 mmol, respectrvely) was added to the reactron mrxture. 

Following a preparative scale reactron, 7 was rsolated as a crystallrne soled, m p. 89"C, in 



78.5% yreld and characterized on the basrs of analytrcal and spectroscopic evrdence' when 

7 was treated wrth aqueous ammonra Cd 0 88)-dioxan (2:l v/v) for 16 hr at room temperature, 

cytrdrne (Ba) was obtarned as the sole nucleosrde product and was then rsolated as its crys- 

talline tetrabenzoyl derlvatrve (8b) rn 63 5% yield. 

With the rntention of rdentifylng possible side-reactions In olrgodeoxyrrbonucleotlde 

syntheses, we next examrned the actron of MSNT (2a) on 2-N-bensoyl-3',5'-dr-O-acetyl-Z'- 

deoxyguanosrne (9) and 3',5'-dr-O-acetylthymrdine. The N-benzoylguanrne resrdue rn 9 was 

modrfred rn the same way (and at vrrtually rdentical rates under the same conditions both rn 

the absence and presence of drphenyl phosphate) as rt was rn 3a and, rn a preparatzve scale 

experrment, 10 was obtarned as a crystallrne compound, m.p. 108-llO°C, In 70% isolated yield. 

However, the reactron between MSNT (2~2) and 3',5'-di-O-acetylthymrdrne was extremely slow and 

only a trace of product was obtained under the conditrons required for the virtually total 

conversion of 2',3',5'-tri-0-acetyluridine (4) into 7 

AcO AcO HZ0 OBz 

9 10 11 Ar = 2,4,6-HesCsHr 

The mechanism of the formatron of the nltrotrraxole derrvatrves (5, 7 and 10) has not yet 

been elucidated but If, for example, lt 1s assumed that 3b reacts frrst with MSNT (2~) to give 

3-nrtro-1,2,4-triazole and the 6-O-(mesltylene-2-sulphonyl) derrvatrve (II), correspondrng to 

the 6-O-mesyl derrvatlve (6'). then the con]ugate base of 3-nrtro-1,2,4-trrazole would be 

expected to react with 71 to give 5b. It has been found3 that the comblnatron of MSNT (&r) 

and a phosphodrester (e.g. diphenyl phosphate) constitutes a very powerful phosphorylating 

system for alcoholrc hydroxy functrons. However, although diphenyl phosphate appears to 

catalyze the formatron of the nitrotrrazole derivatrves (5, 7 and IO), it does not follow that 

the 2-N-benwylguanrne and uracrl residues are initially phosphorylated rather than sulphonated 

(to grve, for example, 11) by the combrnatlon of MSNT (h) and drphenyl phosphate. No rnter- 

mediates could be detected (by t.1.c.) rn the conversrons of 3a, 3b, 4 and 9 into Sa, 5b, 7 

and 10. respectively. 

The results of thus rnvestigatron wrll be of considerable help in determrning the most 

effective strategy for ollgonucleotlde synthesis when MSNT (Su) 1s used as the condensing 

agent. If the side-reactrons are to be minimrzed, rt 1s rmportant that (1) the use of an 

excess of the phosphodlester component should be avoided. (11) the use of a large excess of 

MSNT (Zu) should be avoided, and (111) condensation reactrons should be as brief as possible. 

While considerable care should be taken in the synthesis of olqorlbonucleotldes as uracil 

residues (see above) are partrcularly susceptible to modrfication, rt 1s also advrsable to 

take the above three poxnts Into account when the synthesis of olrgodeoxyribonucleotldes 1s 

being undertaken. However, It 1s likely that the modrfrcation of uraczl and 2-A'-benzoyl- 



guanine residues will be reversed during the unblocking of protected oligonucleotldes with 
3b 

syn-4-nitrobenzaldoxlmate ion . Thus, treatment of 5b and 7 wrth a slrght excess of 0.5 

IV1,N1,13,f13-tetramethylguanldlnlum sun-4-nitrobenzaldoxlmate 3b in dloxan solution at room 

M- 

temperature for 30 min led to the quantitative regeneration of the corresponding guanosine 

and uridine derivatrves (3b and 4, respectively). The latter compounds were isolated from 

the products as crystalline solids in 77 and 74% yields, respectively. The ready transforma- 

tion (see above) of 7 rnto cytidine (8a) by anrmonolysis 8 
reveals one of the pitfalls of using 

armnonra' to remove aryl protecting groups from lnternucleotlde linkages in olrgonucleotide 

synthesis. 

The occurrence of side-reactrons is not limited to condensation reactions involving MSNT 

(z&O. Thus, 1-(2,4,6-tr~-rsopropylbenzenesulphonyl)-3-n~tro-1,2,4-tr~azole 3a (TPSNT, 2b) 

also reacts with 3a and 4 to give 5U and 7, respectively, but the reactrons proceed at 

approximately one-half of the rates of the corresponding reactions with MSNT (a). As con- 

densation reactions involving TPSNT (2b) also proceed more slowly, it is anticrpated that the 

extent of base modification would be at least as great if the latter reagent (2b) were used 

Instead of MSNT (h) in ollqonucleotide synthesis. Finally, preliminary experiments suggest 

that the mesitylene-Z-sulphonyl derivative of tetrazole (2, R = Me) 2 reacts at a greater rate 

than MSNT (za) with uracil and 2-N-benxoylguanrne residues and that the reactions are more 

complex 
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